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(57) Abstract 

A communications system has a base centre with radio transceivers (15) for providing a number of radio frequency (RF) 
communications links and a plurality of fixed radio ports (1) through which RF signals can be transmitted and received over the 
air A fibre optic network (2, 4) interconnects the RF transceivers (15) and the fixed radio ports (1), and carries the RF signals by 
means of optical signals. There is a plurality of radio/optical interfaces by which RF signals can be modulated onto and demodu- 
lated from one or more optical signals, between the RF transceivers and the fibre optic network, and between the fibre optic ne- 
twork and the fixed radio ports. A matrix switch (13) selectively interconnects the transceivers and the radio ports through the fi- 
bre optic network. 
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COMMUNICATIONS SYSTEM 

The present invention relates to a communications 
system, and in particular to a system for interconnecting 
mobile radio (RF) units to a fixed network or system e.g. 
PSN, ISDN, LAN or PBX. 

At present, for example, in a cellular radio system 
mobile radio (RF) units communicate with fixed base 
stations which have radio transceivers that are connected 
to a switching control centre which is in turn coupled to 
the PSTN. In the proposed Telepoint system, cordless 
telephones (CTs) will be able to access the PSTN via radio 
communication with fixed base stations equiped with radio 
transceivers which are directly connected to the PSTN. In 
both these examples radio transceivers and base stations 
proliferate in the connection between the mobile user and 
the PSTN, or other network. These systems are therefore 
complicated and expensive. Future systems will want to 
provide improved coverage including the provision of many 
small radio "cells", and hence many base stations and 
radio transceivers will be required. 

Difficulties in finding appropriate base station sites 
and the costs of equipping them may make such conventional 
developments impracticable; certainly they reduce the 
commercial attractiveness • of such projects. The present 
invention seeks to provide a communication system of 
simplified structure and improved performance. 

According to a first aspect the invention provides a 
communications system comprising: a base centre having one 
or more radio transceivers for providing a number of radio 
frequency (RF ) communications links; a plurality of fixed 
radio ports through which RF signals can be transmitted 
and received over the air? a fibre optic network for 
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interconnecting the RF transceivers and the fixed radio 
ports, and for carrying the RF signals by means of optical 
signals; a plurality of radio/optical interfaces by which 
RF signals can be modulated onto and demodulated from one 
or more optical signals, which interfaces are between the 
RF transceivers and the fibre optic network, and between 
the fibre optic network and the fixed radio ports. 

The present invention also provides a communications 
system comprising: a base centre having one or more radio 
transceivers for providing a number of radio frequency 
(RF) communications links? a plurality of fixed radio 
ports through which RF signals can be transmitted 
andreceived over the air; a fibre optic network for 
interconnecting the RF transceivers and the fixed radio 
ports, and for carrying the RF signals by means of optical 
signals; a plurality of radio/optical interfaces by which 
RF signals can be modulated onto and demodulated from one 
or more optical signals, which interfaces are between the 
RF transceivers and the fibre optic network, and between 
the fibre optic network and the fixed radio ports; and a 
matrix switch for selectively interconnecting the 
transceivers and the radio ports through the fibre optic 
network . 

The present invention allows for centralisation of 
transceivers into base centres, and the consequent 
advantages in terms of technical and commercial gain, by 
having the transceivers selectively connectable through 
the fibre optic network to the RF ports. 

The RF Communication linking may for example, be time 
division multiplexed (TDK) or frequency division 
multiplexed (FDM). 

A preferred embodiment of the invention will now be 
described by way of example and with reference to the 
accompanying drawings, wherein: 
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- Figure 1 is a schematic block diagram of a 
communications system according to a preferred embodiment 
of the invention; 

- Figure 2a is a schematic block diagram of an optical 
matrix switch which can form part of the preferred 
embodiment? 

- Figure 2b is a schematic block diagram of an RF 
matrix switch which can form part of the preferred 
embodiment; and 

- Figure 3 is a schematic view of another embodiment 

of the invention. 

The preferred embodiment illustrated in Figure 1 is a 
multi-user, area coverage radio distribution system using 
an optical network 2,4 to link the fixed radio 
distribution ports 1 to a centralised radio and other 
signal processing base centre 10. An important feature of 
the system is the use of an optical carrier modulated, 
e.g. amplitude modulated, with a radio frequency (RF) 
signal. 

In both the base centre 10 and RF ports 1 there are, 
arranged in different ways, radio/optical interfaces which 
can place an RF signal onto an optical carrier or 
conversely recover an RF signal from an optical carrier. 
The modulation of the optical carrier may be achieved by 
driving a suitable laser device with the input RF signal 
so that output of the laser is effectively intensity or 
amplitude modulated by the RF signal. With this method, a 
suitable optical detector receiving the amplitude 
modulated optical signal can produce a direct RF output. 
In the present specification, the term radio/optical 
interface is used in this context. 

The radio ports 1 each have a radio/optical interface 
which receives and transmits radio carriers from and to 
roaming radio equipment. The radio carriers to be 
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sent/received from the centralised location are placed 
onto/taken off an optical carrier, e.g. as described 
above. The optical network 2,4 linking the radio ports 1 
to the base centre 10 is generally conventional, having 
optical links carrying RF carrier/carriers on optical 
carrier /carriers. Each optical link is shown as 
bidirectional. .However, separate links could be provided 
for each direction. Within the optical system are optical 
multiplexers/demultiplexers (H+D) 4. Each multiplexer 
concentrates a number of optical carriers, say X, onto a 
fewer number of optical links than X. The 
demultiplexersplits a number of optical carriers onto 
individual optical links. 

At the base centre 10 the optical system 2,4 is 
connected to an optical multiplexer and demultiplexer 
(M+D) 14. The K+D 14 is connected (illustratively) by M 
optical lines to an NxK matrix switch 13, which will be 
described below in more detail. The NxK matrix switch 13 
has N RF links to a number (H) radio transceivers 15. The 
radio transceivers 15 are connected through a switch 17 to 
a number (K) channels of another network which may be 
ISDN, cellular, LAN, PBX etc. K may be greater than or 
equal to N. Also in the base centre 10, a central unit 16 
is connected to the switch 17, NxK matrix switch, and 
K+D 14 to control optical, RF, and baseband routing and 
switching, and co-ordinate the allocation of RF carriers 
and channels in conjunction with mobile equipment. 

A central part of the base centre 10 is the NxK matrix 
switch 13. This multiplexes any of the N radio carriers 
onto any of the H optical transmission lines, i,e. none, 
one or more of the radio carriers may be on any one of the 
optical carriers at any one time. The NxK matrix switch 
13 may be configured in one of two ways, as shown in 
Figures 2a and 2b. In each case, the radio/optical 
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interface places the RF carriers to be transmitted from 
the central transceivers onto the optical carrier(s) and 
takes off, from the optical carriers ), the RF carriers to 
be received by the central transceivers. The switching 
may be optical (Figure 2a), in which case the 
radio/optical interface is on the radio "side" of the 
switch, or the switch may be a radio (RF) matrix switch 
(Figure 2b), in which case the radio optical interface is 
on the optical system "side" of the switch. In either 
case, the overall result is that the N radio lines can be 
multiplexed onto the M optical lines. 

The advantages of the system of the preferred 
embodiment are profound. A user can access the external 
network through any of the radio ports 1 with a suitable 
RF transceiver, e.g. a cordless telephone (CT), and be 
connected to a free one of the N transceivers 15. 
Provided the RF capacity was available, all N transceivers 
could be employed in calls to/from a particular one of the 
radio ports 1, or as would be more likely, the usage of 
the transceivers would be distributed among the radio 
ports of the system. Here lies a key advantage of the 
system: the centralisation of the radio transceivers. In 
the present system the radio transceivers are centralised, 
allowing more economic use and facilitating maintenance 
etc. Other significant advantages include the possibility 
of handover between ports covering different zones or 
areas, by simply switching between optical carriers, i.e. 
by switching within the KxH matrix switch 13. Also the 
use of diversity can easily be achieved centrally through 
switching or combining links to 2 or more ports, to 
improve performance of mobiles covered by those ports. 
Further, advantageous use of the RF system can be achieved 
because any of the carriers allocated to the service, 
rather than a given subset, can be dynamically assigned by 
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the centralised base, to a given zone or cell. Thus an RF 
carrier may be allocated to both zone 1 and zone 4, but to 
different users. At another time, RF carrier may be 
assigned to just zone 3. The total number of users may 
remain more or less constant for the whole system, but 
user density within the system may vary. For example, all 
the users may shift from zone 1 down to zone 4, with all 
the central transceivers continually active. If 
transceivers were placed remotely in each of the zones, 
the same number of transceivers as that at a 
centrallocation would be required in each of the zones to 
meet the peak traffic demand during the day, even though 
they could remain idle for much of the time. Four times 
the number of transceivers of the centralised 
configuration would then be required for the system of 
Figure 1, hence the improved trunking performance of the 
centralised scheme , minimising the cost of providing 
transceivers, the quantity of equipment in the field and 
affording a potential reduction in maintenance and 
installation costs. 

Handover requires a change of base transceiver as a 
mobile transits zones. This need no longer be necessary 
as the switch, block 3, simply switches the active 
transceiver for a given mobile from one zone to another as 
the mobile makes the transition. Thus handover break is 
reduced to a potentially - very short optical or RF switch 
time compared to the much longer period required to switch 
between transceivers. 

The spectrum efficiency of many radio distribution 
systems are increased if the RF transmissions within the 
system are synchronised. This is difficult if 
transceivers are spread over several locations, but more 
straightforward when they are centralised. 
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An alternative embodiment of the invention is shown in 
Figure 3 and is very similar to that of Figure l, except 
that the optical system does not incorporate 
multiplexing/demultiplexing. Thus there are no M+Ds 4 and 
the M outputs of NxH switch 13 are connected directly to 
the radio ports 1. There is therefore a permanent 1 to 1 
correspondence between the optical lines in the NxH 
switch 13 and the radio ports 1. 

The embodiment of the invention described is based on 
the use of frequency division multiple access, where each 
communications link is on a separate radio frequency. As 
an alternative, time division multiple access could 
beused, where each communication link exists on separate 
time slots on a single radio channel. In this case there 
may still be multiple transceivers in the base centre 10 
to cope with the traffic demand and hence provide 
frequency /timeslot reuse at the radio distribution ports 
1. The connection from the transceivers 15 to the matrix 
switch 13 will then be by M radio links with P timeslots 
each, making NxP links in total to the matrix switch 13 
from the transceivers 15. An extension of this approach 
is the possibility of a hybrid time and frequency division 
access system, with multiple radio carriers and several 
timeslots on each. 

An example of a form of an RF switch is shown in 
Figure 4. The figure shows the RF matrix switch in a 
three distribution point system demonstrator. The RF 
matrix switch interconnects the four radio transceivers 51 
(with their associated isolator circuits 52) to the three 
circuits each of which feeds a distribution point via a 
pair of fibres. Bi-directional RF connections for all the 
combinations of base unit and D.P. are made via switches 
that allow either through connection or isolation of the 
connection path. These switches are under computer 
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control. 

The signals from/to the radio transceiver 51 are 
split/combined in four 3 way combiners 53 (these are 
acutally 4 way combiners with the spare output feeding to 
the scanning receiver 52) with each output/input passing 
through a switch that can isolate that output/input. From 
the switches the signals go to the inputs of one of the 
three 4 way combiners 55 and hence to/from the D.P.s via 
one of the three RF/optical interfaces 56. 

These switches are under microprocessor control and 
allow the RF matrix to switch any transceiver to any 
combination of the distribution points and conversely a 
distribution point to any combination of the 
transceivers- Thus a base unit can feed all the 
distribution points simultaneously then by changing the 
switches feed only one distribution point. 

Two examples of the elements for optical switch and 
shown in Figure 5. There are two basic technologies; {i) 
Bulk Optic Devices and (ii) Guided Wave Devices. 

A bulk optic switch element, shown in Figure 5(a), 
uses mechanical or physical reorientation of the optical 
path to achieve the switching of the incoming optical 
signals between output ports. An example of this type of 
switch is presented below for a single input switchable 
between two outputs. Other switch configurations using 
this as a basic building block facilitate 2x2 and 2x4 
switches. 

A guided wave device switch element, shown in Figure 
5(b), uses the electro-optic effect to change the optical 
propagation characteristics of switch waveguides through 
the application of electric fields. An example of this 
device type is the Kach Zender Inteferoraeter (MZI) shown 
in Figure 5(b). This type of switch can be extended from 
a simple 2x2 to a non-blocking 8x8 switch matrix. 
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CLAIMS 



1. A communications system comprising: a base centre 
having one or more radio transceivers for providing a 
number of radio frequency (RF) communications links; a 
plurality of fixed radio ports through which RF signals 
can be transmitted and received over the air; a fibre 
optic network for interconnecting the RF transceivers and 
the fixed radio ports, and for carrying the RF signals by 
means of optical signals; a plurality of radio/optical 
interfaces by which RF signals can be modulated onto and 
demodulated from one or more optical signals, which 
interfaces are between the RF transceivers and the fibre 
optic network, and between the fibre optic network and the 
fixed. radio ports. 

2. A communications system comprising: a base centre 
having one or more radio transceivers for providing a 
number of radio frequency (RF) communications links; a 
plurality of fixed radio ports through which RF signals 
can be transmitted and received over the air; a fibre 
optic network for interconnecting the RF transceivers and 
the fixed radio ports, and for carrying the RF signals by 
means of optical signals; a plurality of radio/optical 
interfaces by which RF signals can be modulated onto and 
demodulated from one or more optical signals, which 
interfaces are between the RF transceivers and the fibre 
optic network, and between the fibre optic network and the 
fixed radio ports; and a matrix switch for selectively 
interconnecting the transceivers and the radio ports 
through the fibre optic network. 
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3. A communications system as claimed in claim 2 
wherein the RF links are frequency division multiplexed. 

4. A communications system as claimed in claim 2 
wherein the RF links are time division multiplexed. 

5. A communications system as claimed in claim 2, 3 
or 4, wherein there is means for combining RF signals to 
or from one or more of the RF ports. 

6. A communications system as claimed in any one of 
claims 2 to 5 wherein the matrix switch is for switching 
optical signals and between the optical matrix switch and 
the one or more RF transceivers there are one or more 
RF/optical interfaces. 

7. A communications system as claimed in any of 
claims 2 to 5 wherein the matrix switch is for switching 
RF signals, and between the RF matrix switch and the fibre 
optic network there are one or more RF/optical interfaces. 

8. A communications system as claimed in any 
preceding claim wherein there is 
multiplexing/demultiplexing of the optical signals in the 
fibre optic network. 

9. A communications system as claimed in any 
preceding claim wherein the fibre optic network 
incorporates wavelength routing of optical signals. 

10. A communication system as described' in any 
preceding claim which call handover is between radio ports 
is controlled in the base centre through switching the 
radio transceiver from one radio port to another radio 
port by the matrix switch. 
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11. A communication system as claimed in any 
preceding claim which diversity operation is provided by 
combining or switching between two or more radio points in 
the matrix switching. 

12. A communication system as claimed in any 
preceding claim which dynamic channel allocation is 
controlled in the base centre. 
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